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INTRODUCTION 
The earliest studies of trematodes dealt primarily with classification 
based on descriptions of the external morphology of adult worms although 
some larval forms, considered at the time to be adults, were also 
described. During the early nineteenth century, additional observations 
and descriptions of worms, now known to be larval stages occurring in 
the life cycles of digenetic trematodes, were made and Steenstrup 
advanced thé idea of metagenesis as early as 1842. However, it was not 
until 1882-83 that the first life history of a digenetic trematode was 
completed when Leuckart and Thomas independently demonstrated the 
life cycle of the sheep liver fluke, Fasciola hepatica. As significant as 
this contribution was, only a few additional life cycles were completed 
in the ensuing thirty years. Perhaps the greatest impetus for a continua­
tion of life history studies was provided by the investigations of Lutz 
(1921), Ruszkowski (1922), Mathias (1922), and Szidat (1924), as reviewed 
by LaRue (1957), which disproved the theory of metastatic development 
of strigeid trematodes. The result of the discovery of the digenetic nature 
of development of this large group of trematodes was a renewed interest 
in life history investigations, an interest which continues even today. 
Life history studies, according to Stunkard (1940), have made note­
worthy contributions in the development of parasitology, one of which is 
the construction of a broader and sounder base for taxonomic and 
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phylogenetic determination. The early taxonomy of trematodes was 
based on comparative morphology of adult worms alone. With the dis­
covery of the digenetic nature of development of many of the helminths, 
larval forms were discovered and described, chiefly through life cycle 
investigations. As more life cycles were completed, comparisons of 
the morphology of the larval forms, as well as that of the adults, were 
used in determining taxonomic relationships. Today, it appears that 
comparisons of the embryonic development of certain structures, 
especially those of the excretory system which first make their appear­
ance in the larval forms, holds promise in determining the true phylo-
genetic relationships among the trematodes. 
Life cycle studies have not only furnished a sounder and broader base 
for taxonomy of the trematodes but have also furnished opportunities for 
studies on the physiology and control of these parasitic worms. One 
must, therefore, conclude that life history studies continue to play an 
important role in the field of parasitology. 
While taking a course in parasitology during the summer of 1954 at 
the Iowa Lakeside Laboratory near Milford, Iowa, numerous collections 
of various animals from roadside ponds in this area were made. A 
considerable number of frogs were obtained in these collections, almost 
all of which were heavily parasitized by diplostomula encapsulated 
chiefly in the muscles of the hind legs. When some of these diplo stomula 
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were removed and fed to laboratory-reared white mice, adult flukes of 
the genus Fibricola were recovered from the duodenum of these hosts. 
A review of the literature concerning the genus Fibricola indicated 
that the specimens referred to above were of the species cratera and 
that only two very brief reports had been published relative to the life 
cycle of this parasitic worm. Neither of these two reports included 
adequate descriptions of the larval forms that occur in the life cycle, 
although a few additional reports dealing only with the morphology of the 
adults had been made. Reference to the literature also indicated that 
only very minor differences existed among adults of the three species of 
Fibricola recorded as occurring in the United States. It was, therefore, 
decided that a study of the life cycle of Fibricola cratera, with particular 
emphasis on the larval forms heretofore largely neglected, would be of 
interest. Data obtained from this study, it was hoped, when carefully 
compared with the descriptions of other species of Fibricola, would aid 
in determining whether or not sufficient differences exist between these 
worms to warrant their separation into three distinct species. 
All stages in the life cycle of F. cratera were completed in the labora­
tory employing only laboratory-reared experimental hosts. Morpho­
logical descriptions of each stage in the cycle are included in the body of 
this paper as well as comparisons with similar stages occurring in the life 
cycles of F. texensis Chandler, 1942 and F. lucida (LaRue and Bosma, 
1927) Dubois and Rausch, 1950. 
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REVIEW OF LITERATURE 
Reference to the literature indicates that the genus Fibricola was 
established by Dubois (1932) with cratera as the type species for a diplo-
stomatid trematode previously described by Barker and Noll as indicated 
in Barker (1915) as Hemistomum craterum. Barker and Noll's speci­
mens were recovered from the intestine of the muskrat, Fiber zibethicus. 
According to Read (1948), this species has subsequently been reported 
as an intestinal parasite from the mink in Ontario by Law and Kennedy 
(1932); from the raccoon in Iowa by Morgan and Waller (1940), and in 
Michigan by Chandler and Rausch (1946); from the opossum, in Georgia 
and Tennessee by Byrd, Reiber, and Parker (1942), and in Michigan by 
Chandler and Rausch (1946). Hoffman (1955) also reported F. cratera 
from the raccoon in Iowa. Cucker (1941) found a variety of naturally-
infected definitive hosts of F. cratera from various locations in. Minne­
sota and Nebraska. These included a Norway rat, a spotted skunk, a 
muskrat, a short-tailed shrew, and a meadow mouse. 
Dubois (1953) described three species of this genus which have been 
recorded from the United States, namely: (1) Fibricola cratera (Barker 
and Noll, 1915) Dubois 1932 ^synonyms: Hemistomum craterum Barker 
and Noll, 1915, Fibricola laruei Milter, 1940, Fibricola nana Chandler 
and Rausch, 1946^]; (2) Fibricola lucida (LaRue and Bosma, 1927) 
Dubois and Rausch, 1950 [synonyms: Neodiplostomum lucidum LaRue 
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and Bosma, 1927, Theriodiplostomum lucidum (LaRue and Bosma) 
Dubois, 1944J; and (3) Fibricola texensis Chandler, 1942 [synonyms: 
Theriodiplostomum texensis (Chandler) Dubois, 1944 J. In addition to 
these three, Dubois (1953) further listed two additional species: Flbri-
cola minor Dubois, 1936, from the Australian water rat, and Fibricola 
caballeroi Cerecero, 1943, found in gray rats in Mexico. All members 
of the genus are included in the family Diplostomatidae Poirier, 1886, 
and in the subfamily Alariinae Hall and Wigdor, 1918. 
Members of the family Diplostomatidae are among a very large group 
of digenetic trematodes commonly referred to by parasitologists as 
strigeoids. The strigeoids, which include several families of digenetic 
trematodes, are characterized by the presence of a holdfast (tribocytic) 
organ on the ventral side and by the division of the body more or less 
distinctly into a mobile fore-body, and a hind-body containing the repro­
ductive organs. More specific characteristics of the family, as given by 
Dubois (1953) include the leaflike to spatulate fore-body; the absence of 
a paraprostate gland; and, the shape of testes (either club-shaped, pear-
shaped, heart- shaped, bilobed in the form of dumbells, horseshoe- shaped, 
entire or lobed, sometimes ovoid). Members of the family are parasites 
of birds and mammal s. 
Dubois (1953) divided the family Diplostomatidae into two subfamilies, 
the Diplostomatinae and the Alariinae primarily on the basis of host-
specificity and distribution of vitelline follicles. Members of the subfamily 
Diplostomatinae are parasites of birds, and the vitelline follicles are 
distributed either throughout the two body regions (fore-body and hind-
body) or limited to the hind-body. There are some 21 genera assigned 
to this subfamily for which life cycles of individuals in eight or more 
genera are known. 
Members of the subfamily Alariinae, to which Fibricola is assigned, 
are parasites of mammals, and the vitelline follicles are confined to, or 
show a tendency towards being confined to the anterior segment (fore-
body) of the adult worm. Dubois (1953) lists eight genera in this sub­
family for which life cycles of members of several genera are known. 
Life cycle studies have been made on two of the three American 
species of Fibricola noted above. Very brief reports were made by 
Cuckler (1940, 1949) and Hoffman (1955) on the life cycle of Fibricola 
cratera, and Chandler (1942) demonstrated the life cycle of Fibricola 
texensis. The adults of Fibricola lucida were described by LaRue and 
Bosma (1927), the miracidia by Park (1936), and the cercariae of the 
same species by West (1935). 
Dubois (1953) in his Systématique des Strigeida presents a taxonomic 
key to the members of the genus Fibricola based in part on the investiga­
tions of Cuckler, Chandler, LaRue and Bosma. In this key, F. lucida is 
distinguished from both cratera and texensis in these respects: the larger 
size of the adult, the presence of a well-marked constriction between the 
fore-body and hind-body of the adult worm, and the appearance and 
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extension, of the vitelline follicles into the hind-body of the adult. The 
distinguishing differences between adults of cratera and texensis are less 
apparent, distribution of the vitelline follicles into the hind-body and total 
length of the adult worms constituting the major distinctions. 
Adults of Fibricola texensis are, in general, smaller than those of 
cratera. As to the distribution of the vitelline follicles in the two species, 
it is principally a matter of the extent to which they spread into the hind-
body. In cratera, some follicles may penetrate the hind-body to the level 
of the anterior testis or to the vitelline reservoir. In texensis, vitelline 
follicles extend well into the hind-body to the level of the posterior testis 
and show a tendency towards arrangement into two lateral bands within 
this portion of the body. That variations in the distribution of vitellaria 
in members of the genus Fibricola may not be justifiably used as a basis 
for taxonomy of the group has been discussed by Chandler and Rausch 
(1946) and by Read (1948). 
Further differences between cratera and texensis concern size of 
some of the intermediate stages and encystment or encapsulation of the 
metacercariae. The cercariae and metacercariae (diplostomula) of 
texensis are smaller in size than those of cratera. Moreover, meta­
cercariae of texensis occur as non- encysted diplo s tomula within the 
body cavity of tadpoles. In cratera, the diplo stomula migrate from the 
body cavity of tadpoles and ultimately encyst in the pelvic musculature 
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of adult frogs. 
Chandler (1942) in his life cycle investigation of F. texensis states 
that no diplo stomula of this species were ever found in the muscles of 
the hind legs of frogs, nor were any ever found encapsulated. Leigh 
(1954), however, reported that a species from Florida closely resembling 
texensis produced encapsulated diplo stomula and suggested that encapsu­
lation map. require more than the two months involved in Chandler ' s (1942) 
report. 
/ 
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MATERIALS AND METHODS 
The data presented in this investigation were obtained primarily 
during the summer months of 1955-57 from research conducted at the 
Iowa Lakeside Laboratory on Lake Okoboji in northwest Iowa. The 
materials and methods of investigation are presented in a sequence 
corresponding with stages in the life cycle, although the information was 
not necessarily obtained in this sequence. 
Eggs were obtained from the feces of experimentally infected 
raccoons (Procyon lotor Linnaeus) and white mice. In contrast to the 
large numbers of eggs obtainable from a single raccoon fecal sample, 
very few eggs could be obtained from mouse fecal samples. Therefore, 
except for a few initial experiments in this investigation, raccoons were 
used as a source for eggs rather than white mice. Three very young 
raccoons were obtained and, when found to be negative by fecal examina­
tions for any trematode infection, were experimentally infected with 
Fibricola cratera by feeding them pieces of leg muscles from Rana 
pipiens heavily parasitized with encapsulated diplo stomula of this species. 
The raccoons were kept in cages in the laboratory and fed principally 
canned dog food and bread although table scraps were occasionally added. 
Fecal material from the infected raccoons was placed in a large 
beaker of filtered lake water and after softening, was thoroughly broken 
up by stirring with a glass rod. This material was then strained through 
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a fine kitchen-type sieve and subsequently through single, double, and 
quadruple folds of cheese cloth. The sediment was transferred to a 
large cylinder and repeatedly washed with filtered lake water until the 
supernatant was clear. A small portion of the final sediment was trans­
ferred to an embryological watch dish and using a dissecting micro­
scope, clean eggs were removed with a fine pipette. By use of these 
methods, large numbers of very clean eggs were obtained and it was not 
necessary to treat the eggs for prevention of bacterial growth. 
Miracidia were studied alive as well as from fixed preparations. 
Intra vita.m dyes (neutral red and Nile blue sulphate) were used in study­
ing living miracidia. Methyl cellulose was useful in slowing living mira­
cidia and in keeping them alive under cover slip pressure. To demonstrate 
epidermal plates, miracidia were dropped into 0. 5 per cent aqueous 
silver nitrate at 70°C. , washed with distilled water, exposed to strong 
sunlight, dehydrated in alcohol, and mounted in Permount (method of 
Lynch, 1933). Other specimens were fixed in AFA and stained with 
Mayer's paracarmine. 
Miracidia were exposed to laboratory-reared snails (Physa gyrina 
Say)^ to study reactions of the miracidia to them, and also to acquire 
subsequent larval stages of F. cratera developing in this first intermediate 
"'"Snails used in these investigations were' kindly identified by 
Dr. Henry Van der Schalie, University of Michigan. 
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host. The snails were reared from eggs, were maintained in aquaria 
in the laboratory, and fed lettuce as needed. Both multiple and single 
exposures were made. In the former, a single snail was exposed to 
several (usually 5) miracidia, while in the latter, a single snail was 
exposed to a single miracidium. Multiple exposures were made by 
placing both snails and miracidia in Syracuse watch glasses partially 
filled with filtered lake water. The same technique was used for single 
exposures except that small embryological watch dishes were used. 
Studies of sporocysts obtained from experimentally infected snails 
were made from living specimens as well as from stained whole mounts. 
These, as well as a few flattened specimens fixed in AFA, were stained 
* -
either with Mayer's paracarmine or Schneider's acetocarmine and 
mounted in Permount. 
Studies of cercariae from laboratory-infected snails were made 
primarily from living specimens. Intra vitam dyes, neutral red and 
Nile blue sulphate, were used to stain certain internal organs, the 
technique established by Talbot (1936) being especially effective. 
Cercariae were observed in shallow dishes of filtered lake water beneath 
the dissecting scope for swimming activities, responses to varying 
intensities of light, and penetration into tadpoles. 
Pseudacris sp., Hyla sp., and Rana pipiens tadpoles were exposed 
to cercariae in order to study development of metacercariae and to 
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obtain fully developed ones. The Rana tadpoles were laboratory-reared. 
The Pseudacris individuals were collected at Ledges State Park near 
Boone, Iowa, and were examined and found negative for trematode infec­
tions prior to using them in these investigations. The Hyla tadpoles, 
collected near. Hot Springs, Arkansas, upon examination were also shown 
to be free from trematode infection. All tadpoles were maintained in 
aquaria filled with filtered lake water and were fed boiled lettuce. 
Both living and stained specimens were employed in studies of 
metacercariae (diplostomula). Natural as well as experimental infec­
tions were observed. Metacercariae from naturally infected tadpoles 
and frogs collected from ponds in the vicinity of the Iowa Lakeside 
Laboratory, as well as those experimentally reared, were employed in 
feeding experiments. In all cases, when metacercariae from natural 
infections were used, the adult worms recovered were carefully studied 
and compared with adults from experimentally-developed metacercariae. 
Whole mounts of unencapsulated metacercariae from body cavities 
of tadpoles and encysted forms teased from frog muscles were fixed in 
AFA and stained with Mayer's paracarmine, Schneider's aceto-carmine 
or Harris' haematoxylin. Sections of infected frog muscle were cut at 
10 microns and stained with Harris' and Mayer's haematoxylins, with 
erythrosin and eosin counter stains. 
Studies of adult F. cratera were made of numerous specimens 
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reared in laboratory-raised white mice which were infected with 
diplo stomula recovered from both natural and laboratory infected tad­
poles and frogs. The mice were kept in cages in the laboratory and 
fed a commercial laboratory ration as needed. 
Many observations of living adult individuals and detailed studies 
of whole mounts and sections were made. Whole mounts, fixed in AFA, 
were stained with Schneider's aceto-carmine, Mayer's paracarmine 
and Harris' haematoxylin. Adults, fixed in Bouin's, were sectioned at 
10 microns and stained with Harris' and Mayer's haematoxylins with 
erythrosin and eosin counter stains. 
Measurements of miracidia, sporocysts, cercariae and adults 
were made from unfLattened specimens fixed in hot 10 per cent formalin. 
Metacercariae (diplostomula), also fixed without pressure in hot formalin, 
were cleared in liquid phenol to facilitate visibility of internal structures. 
All drawings were made with the aid of the camera lucida. Photomicro­
graphs were taken with a 35 mm. Exacta camera. 
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EGGS AND MIRACIDIA 
Description and Measurements of Eggs 
Eggs were obtained from the feces of experimentally-infected 
raccoons eight days post-feeding. Earlier examinations for their 
presence were not made since pilot experiments, involving adults 
reared in white mice, indicated that intra-uterine eggs in that host 
first appear six and one-half days post-feeding. 
Eggs recovered from raccoon fecal material are deep amber in 
color and distinctly operculate. The average size of 20 eggs is 0. 116 
(0. 105-0. 136) mm. long by 0. 072 (0. 064-0. 085) mm. wide. These 
measurements agree, in general, with those reported by Cuckler (1941) 
and by Hoffman (1955). 
Development of Miracidium 
At the time of deposition of the egg, the enclosed embryo may be in 
the one, two, or four-celled stage of development. Further embryonic 
development progresses rapidly in eggs incubated at 28-30°C. , although 
not at a uniform rate, some embryos developing more slowly than others. 
After one day of incubation, the developing embryo (Fig. 1) is clearly 
visible and consists of several cells, although cell boundaries cannot 
be distinctly differentiated. At two days (Fig. 2), the embryo is 
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enlarging and the number of yolk cells and refractile granules diminish­
ing in numbers. The embryo becomes elongated on the fourth day and at 
five days' incubation, eye spots, flame cells, and ciliary movement are 
apparent (Figs. 3 and 4). From the fifth day of incubation until hatching, 
there are no additional morphological changes of particular importance. 
Miracidia do, however, increase in length, flame cells become more 
active, and ciliary movement increases greatly, especially just prior to 
hatching. 
Development of embryos at room temperatures is slower than when 
the eggs are incubated at 28-30° C. Figures 21 and 22 illustrate the 
degree of development of miracidia at room temperatures three days 
and nine days following the recovery of eggs from host feces. 
Hatching Experiments 
In preliminary studies, it was established that eggs failed to hatch 
in water other than lake water and that greater numbers of miracidia 
were obtained if well- embryonated eggs were refrigerated overnight 
and then placed in direct sunlight. The time required for hatching of 
eggs maintained under the same conditions is highly variable. For 
example, a single batch of eggs recovered from the feces of a raccoon 
and placed in embryological watch dishes at room temperatures was 
observed periodically for evidence of hatching. Some miracidia emerged 
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as early as nine days, while other eggs failed to hatch until as long as 33 
days post-recovery. Some hatching occurred daily between nine and 33 
days. Moreover, large numbers of eggs containing very active and 
apparently well-developed miracidia failed to hatch at all. Failure of 
large numbers of eggs, containing well-developed embryos, to hatch 
was also reported by Cuckler (1941) and Chandler (1942). Cuckler 
(1949) reported an incubation of 20 to 30 days for F. cratera; Chandler 
(1942), nine to 18 days for eggs of F. texensis. 
A more or less standard procedure for stimulating hatching of eggs 
was eventually accomplished. It consisted of incubating the eggs for 
nine days at 28-30°C. in covered embryological watch dishes filled with 
filtered lake water. At the close of the ninth day, the eggs were 
refrigerated overnight. On the tenth day, the dishes containing the eggs 
were removed from the refrigerator and placed in direct sunlight until 
large numbers of miracidia emerged. These were removed by pipette 
for study and the dishes of eggs placed back in the refrigerator, with 
subsequent exposure to sunlight the following day when large numbers of 
miracidia were again obtained. Additional filtered lake water was 
added to the dishes as needed. By these procedures, considerable 
numbers of miracidia were obtained for several days from a single dish 
of eggs. 
The actual hatching or liberation of the miracidium from the egg 
17 
was observed numerous times. Prior to hatching, there is almost 
constant movement of the miracidium consisting mainly of surging back 
and forth within the egg. In most instances, the anterior end of the 
miracidium is directed toward the operculate end during these move­
ments. Frequently, however, the miracidium may turn completely 
around several times during this period of activity. These surging 
movements increase until a tempo is reached at thich time the mira­
cidium is in constant motion. Final liberation or hatching appears to 
be accomplished by the physical activity of the miracidium pushing on 
the opercular cap. However, as noted by Rowan (1956) and also by 
Willmott (1952), other factors such as secretions from the penetration 
glands and the presence of enzymes may play a dominant role. As indi­
cated above, variations in light and temperature are extremely important 
factors in the hatching of miracidia. 
No specific experiments were conducted to determine if the age of 
the adult worms influenced the hatchability of eggs. However, it was 
noted that eggs obtained from very young infections (8 days post-feeding) 
do not hatch as well as those from slightly older infections (14 days post-
feeding). From two weeks post-feeding up to approximately two or two 
and one-half months, no significant differences in the hatchability of 
eggs were observed. After two and one-half to three months, the 
hatchability of eggs appears to decrease. 
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Viability of Eggs 
Eggs stored under refrigeration for as long as two and one-half 
months remain viable and miracidia emerge when eggs are placed in 
strong sunlight. Hoffman (1955) reported that unembryonated ova may 
be safely stored at 4-6°C. for 49 days and that embryonated ova may 
be safely stored, under the same conditions, for 44 days. Eggs 
ingested by snails do not hatch but are passed out with the feces. Such 
eggs remain viable and hatch if recovered from the snail feces and 
incubated. 
Description and Measurements of Miracidium 
The swimming miracidium (Fig. 5) is bluntly pointed anteriorly and 
the posterior end is rounded. The average measurements of 10 speci­
mens fixed without cover slip pressure in hot 10 per cent formalin are; 
length, 0. 127 (0. 102-0. 146) mm. ; greatest width, 0. 038 (0. 034-0. 047) 
mm. The body is covered by long cilia except for those narrow spaces 
between epidermal plates. Lateral processes, characteristic of mira­
cidia of this family, are present between the first and second tiers of 
epidermal plates. 
The large, crescent- shaped eye spots are located about one-fourth 
of the body length from the anterior end. They are quite widely 
separated from one another, and although appearing very black and 
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opaque are actually composed of numerous, small, dark brown, translu­
cent granules. The apical gland is small .and at its anterior end bears a 
protrusible conical structure having a corrugated appearance. No 
openings or pores associated with this structure were seen. 
The number and arrangement of the ciliated epidermal plates are 
shown in Fig. 6. There are four tiers of plates with six, nine, four, 
and three plates, respectively, from anterior to posterior end. The 
plates of the first tier are triangular and are less widely separated from 
each other than those of the remaining tiers. The second tier consists 
of nine rectangular plates, four located dor s ally, five located ventrally. 
Of those which are ventral, one is mid-ventral while the other four are 
ventrolateral. Three plates comprise the fourth tier; one, dorsal in 
position and two, ventrolateral. This arrangement of epidermal plates 
is the same as that for F. texensis and F. lucida. It is also the same 
arrangement as that reported for Alaria arisaemoides by Pearson 
(1956). The number and arrangement of the epidermal plates of the 
miracidia of F. cratera wé-ie not determined by Cuckler. 
Excretory pores are present between the third and fourth tiers of 
epidermal plates. Also, on some specimens, smaller pores occur which 
are located between some of the other epidermal plates. Silver stained 
specimens were not prepared in sufficient quantity to determine if these 
appear regularly at definite places. However, it is interesting to note 
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that Park (1936) observed these pores in F. lucida and referred to them 
as pores between epithelial cells. 
The excretory system consists of two pairs of flame cells. The 
location of these and of the excretory pores was determined, but the 
coiled excretory tubules could not be followed with certainty. Their 
approximate arrangement, however, is shown in Fig. 5. 
The extent of the neural mass was not determined. 
Germinal mass 
Near the middle of the body of the miracidium (Fig. 5) is a cluster 
of cells, eight to twelve in number, with large nuclei and nucleoli. 
These are considered to be the germinal mass. A few other cells 
located more posteriorly were at first thought to be germ cells, but it 
is probable that these cells constitute the structure referred to by 
Pearson (1956) as the posterior granular body. 
Cuckler (1941) illustrates the germinal mass of F. cratera as being 
posteriorly located and consisting of a number of small cells. There 
seems to be variance of opinion as to the location of the germ cells in 
the miracidia of members of the family Diplostomatidae and related 
forms. Van Haitsma (1931) regarded a row of four irregular cells at 
the posterior end of the miracidium of Diplostomnm flexicaudum as the 
germ cells. However, Cort, Ameel and van der Woude (1951) did not 
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agree and stated that a group of about eight cells just back of the middle 
of the body were the germ cells in this species. In the miracidium of 
F. lucida, Park (1936) considers the one to several large, floating cells 
in a germ cell sac located posteriorly as germ cells as well as other 
large cells lying in the parenchyma. Hugghins (1954) in his work on the 
life history of Hysteromorpha triloba reported germ cells as being 
located in three different localities. 
A mass of 11 to 17 large cells located centrally constitute the germ 
cell mass of Alaria arisaemoides (Pearson, 1956). He further states 
that other large cells located posteriorly, as noted above, are called the 
posterior granular body and do not contribute germinal material to the 
mother sporocyst. He further concludes that van Haitsma, Park, and 
Hugghins observed these same cells and that they referred to them as 
germ cells. Since Pear son (19 56) carefully followed the miracidium-
mother sporocyst transformation in A. arisaemoides and found that the 
posterior granular body does not contribute germ material to the mother 
sporocyst, it is highly probable that this structure or these cells in F. 
cratera -are not germinal in nature. 
Swimming activity and reactions to snails 
After hatching, miracidia swim rapidly and continuously in shallow 
dishes of water. They appear to move in straight lines, changing 
directions only when they strike the sides of the dish. Although their 
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over-all movement is in straight lines, miracidia slowly revolve in a 
narrow spiral path as they swim. They do not appear to seek any parti­
cular level in the water. I could distinguish no definite positive or 
negative response to varying intensities of light. The miracidia are 
quite active just after hatching, but within an hour or more, their 
swimming activity diminishes although continuing at a slower rate even 
in moribund individuals. 
The reactions of miracidia to physid snails were observed numerous 
times. In a few instances, some miracidia appeared to be attracted to 
the snails and penetration into them occurred quickly. In most cases, 
however, the miracidia made repeated contacts with the soft tissues of 
snails, but swam away without attempting penetration at that particular 
moment. In general, I would regard penetration of suitable snail hosts 
by the miracidia of this particular species to be a matter of trial and 
error as it is in many species of digenetic trematodes, as noted by LaRue 
(1951). 
Longevity 
No specific experiment was conducted to determine the length of life 
of miracidia. However, it was observed that those maintained under 
laboratory conditions (July and August temperatures) did not live for as 
long as 24 hours. Hoffman (1955) reported that the maximum longevity 
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of the miracidia was seven hours but Cuckler (1941) stated that they 
will live for two to three days. Refrigeration appears to extend the 
life span of miracidia to a slight degree. 
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SPOROCYST GENERATIONS 
Experimental Infections 
During the summers of 1955 and 1956, 18 different experiments 
involving either single or multiple exposures of 79 laboratory-reared 
Physa gyrina to miracidia were carried out. Fifty-seven snails received 
multiple miracidial exposures and 22 snails were exposed to one mira-
cidiuxn. each. Of the 57 multiply exposed snails, 22 became infected as 
indicated either by the presence of emerging cercariae or by the recovery 
of sporocyst generations when snails were dissected and examined. Of 
the 22 snails receiving single miracidial exposures, three became 
infected. All experiments in which at least one snail became infected 
are summarized in Table 1. This table does not include completely 
negative experiments or those in which none of the snails became infected. 
The exact age of the individual snails exposed to miracidia was not 
known, but it is of interest to note that snails measuring as little as 
four millimeters as well as those measuring as much as 10 mm. or 
more became infected. It is therefore probable that older snails are 
not refractive to miracidial penetration in this particular case although 
Cuckler (1941) believed that they are. 
Snails other than Physa gyrina were not exposed to miracidia since 
the work of Cuckler (1941, unpublished data) indicated that this species 
was a suitable host. A number of physid snails were collected in the 
Table 1. Summary of positive infections of Physa gyrina exposed to miracidia of Fibricola cratera 
No. No. Size of 
Type Date Date Age of snails snails infected Developmental 
exposure exposure examined infection exposed infected snails stage observed 
M 7-22 7-31 9 days 2 1 7 mm. Mother sporocysts 
M 7-12 7-26 14 days 6 1 6 mm. Mother & daughter 
sporocysts 
M 7-16 8-3 18 days 1 1 10 mm. Mother & daughter 
sporocysts 
S 7-12 8-1 20 days 4 1 4 mm. Daughter sporocysts 
S 7-12 8-5 24 days 3 1 6 mm. Cercariae 
S 7-21 8-14 24 days 1 1 9 mm. Cercarlae 
M 7-16 8-10 25 days 1 1 8 mm. Cercariae 
M 7-26 9-22 26 days 6 1 6 mm. Cercariae 
M 7-22 8-16 26 days 6 5 6-9 mm. Cercariae 
M 9-23 10-22 29 days 6 5 7-10 mm. Cercariae 
M 10-10 11-10 31 days 1 1 8 mm. Cercariae 
M 8-3 9-20 48 days 5 " 5 8-10 mm. Cercariae 
M 7-27 9-20 55 days 1 1 10 mm. Cercariae 
a M - Multiple exposure of snail(s) to miracidia; S - Single exposure of snail(s) to miracidium 
k First opportunity to observe this experiment 
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areas where infections of F. cratera were known to be present in frogs 
living in these areas. Some of these were shedding strigeoid cercariae, 
but positive identification of the species was doubtful. It was, there­
fore, thought best to work with laboratory infections exclusively to avoid 
the possibility of dealing with more than, one trematode species. Exami- • 
nations of these infected snails for sporocysts were, consequently, not 
made. 
Mother Sporocyst 
Two generations of sporocysts occur in. the life cycle of F. cratera. 
Mother sporocysts develop in. the mantles of experimentally infected 
snails and are difficult to locate during their early development. Snails 
were repeatedly examined after removing the shell as early as one day 
after exposure to miracidia, but the youngest mother sporocysts 
recovered were found nine days after exposure. Several were found 
attached to the mantle in the region of the collar of a snail exposed to 
numerous miracidia. It was very difficult to remove entire individual 
sporocysts as their attachment to the mantle was very tenacious. At 
this age, the mother sporocyst (Fig. 7) is well developed, one specimen 
measuring 2. 35 mm. long x 0.1 to 0.15 mm. wide. The body is long 
and sac-like with a rounded posterior end and a tapering anterior end. 
The body wall is composed, of a distinct aspinose cuticle beneath which 
there is a layer of nucleated cells. For the most part, these cells 
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constitute a single layer in thickness but at the ends they are stratified. 
The mother sporocyst is not extremely motile, but when removed from 
the snail host into the dissecting fluid, a slow, gradual forward move­
ment does occur. Contractile movements without locomotion of the 
sporocyst are quite apparent and the embryos inside the body cavity 
move freely when these occur. Embryos in various stages of develop­
ment are present at this age, the more mature ones (young daughter 
sporocysts) situated more anteriorly. An anterior, subterminal 
birthpore is present but no daughter sporocysts were ever observed 
escaping through this aperture, 
Fig. 8 illustrates a mother sporocyst recovered from an experi­
mentally infected snail 14 days after exposure to several miracidia. 
It is smaller (1.71 mm. long x approximately 0. 1 mm. wide) than the 
9-day sporocyst and appears more opaque. There are considerably 
fewer embryos present and these are grouped closely together causing 
a bulging of the sporocyst wall at this point. 
An 18-day mother sporocyst (Fig. 9), recovered from an experi­
mentally infected snail, was also very opaque and contained only two 
embryos. Although older than the other two mother sporocysts illus-
trated, it is the smallest of the three, measuring 1. 2 mm. long x 0. 08 
mm. wide. However, the rate of growth of mother sporocysts is 
apparently quite variable, being influenced not only by the temperature 
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at which the snails are maintained, but also by the number of sporocysts 
developing in any one snail. 
The longevity of mother sporocysts was not determined. Daughter 
sporocysts, however, are formed within the mothers in a relatively 
short time (less than 14 days) and it is probable that the mothers disinte­
grate after all daughters are formed. Mother sporocysts older than 18 
days were not found, despite careful search for them. Furthermore, 
18-day old mother sporocysts appear very opaque, a characteristic of 
old or dying individuals. 
Daughter Sporocyst 
Daughter sporocysts produced within the mother sporocysts escape 
by way of the birth pore, migrate to the digestive gland or liver of the 
snail and become embedded in this organ. Dozens of these very motile 
daughter sporocysts were seen threaded in and out of the liver of all 
infected snails. In some instances, the infections were so great that 
seemingly all the liver tissue was invaded. 
The youngest daughter sporocyst was noted 14 days after infections, 
but was unavoidably destroyed before a detailed study of it could be made. 
Cuckler (1941, unpublished data) makes no reference to the length of 
time required for development of either mother or daughter sporocysts 
of F. cratera. No sporocysts of F. texensis were observed by Chandler 
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(1942) until 28 days after exposure of snails to miracidia. 
Several dozen 18-day daughter sporocysts were recovered from the 
liver of one multiply exposed Physa gyrina. This individual also 
harbored mother sporocysts. Four of these daughters are illustrated 
for the purpose of demonstrating the differences in size as well as the 
differences in rate of development of cercarial embryos within sporo­
cysts of the same age. 
The largest of these four daughters (Fig. 10) measures 1. 74 mm. 
long x 0. 07 to 0. 12 mm. wide, and contains germ balls and cercarial 
embryos in various stages of development. There is a greater concen­
tration of the more well developed embryos at the anterior end. A 
daughter sporocyst measuring 1. 0 mm. long x 0. 07 to 0.09 mm. wide 
is also shown. Embryos are not as well developed in this individual as 
in the other three illustrated. The sporocyst containing only two well 
developed embryos is 0. 6 mm. long x approximately 0. 07 mm. wide. 
The smallest of the four daughter sporocysts is 0.4 mm. long x 0. 05 
mm. wide and contains germ balls and developing cercariae. These 
four sporocysts are representative of 18-day old individuals although 
both smaller (0. 27 mm. long) and larger (2. 8 mm. long) ones were 
recovered. Also, in some of those observed, cercarial development 
had progressed to the point where tail furcae as well as two pairs of 
flame cells were evident. 
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A number of 20-day old daughter sporocysts were recovered from the 
liver of an experimentally infected snail. Structurally, these do not differ 
significantly from the 18-day old individuals and, therefore, will not be 
discussed in detail. However, the 20-day individuals were recovered from 
a snail that was exposed to a single miracidium rather than to several as 
was the case for the 18-day sporocysts. These, then, were daughter 
sporocysts produced by a single mother sporocyst and are different in 
that the size of individuals is more constant as is also the rate of develop­
ment of cercarial embryos. 
A daughter sporocyst is much like a mother sporocyst in general 
appearance. The body is elongate, rounded at the posterior end, and 
tapering at the anterior end. There is a distinct, non-spinose cuticle, 
and underneath this a single layer of cells. A subterminal birth pore 
is present at the anterior end. Daughter sporocysts differ from mother 
sporocysts in that they are much more active, less opaque and are not, 
as a rule, so large. 
The maximum longevity of daughter sporocysts was not determined, 
but in one snail examined 55 days after exposure to miracidia, daughter 
sporocysts were still present in considerable numbers. Some contained 
germ balls and developing embryos but most were empty, opaque and 
more or less collapsed. Mother and daughter sporocysts will live for as 
long as four and one-half days after removal from their snail hosts if 
kept in saline and under refrigeration.. 
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CERCARIAE 
Emergence from Snail and Activities 
Cercariae are produced in daughter sporocysts by the gradual 
development and transition of germ balls. As previously noted, this 
development does not appear to occur at the same rate in all infected 
snails. Cercariae were first noted emerging from two different groups 
of infected snails 24 days after exposure to miracidia. Another group 
of infected snails did not shed cercariae until 31 days after exposure. 
Cuckler (1949) reported that F. cratera cercariae emerge from infected 
snails 25 to 28 days after penetration of the miracidia and Hoffman (1955) 
observed them for the first time at 30 days. In Chandler's (1942) investi­
gation of the life cycle of F. texensis, only one snail survived long enough 
to produce cercariae and they were first observed 35 days after infection. 
Infected snails produce cercariae continuously and for long periods 
of time. One snail exposed to several miracidia September 23 began 
shedding cercariae October 22 (29 days later) and continued to produce 
them until it died March 5 (approximately four and one-half months). 
That strigeoid trematodes produce cercariae over extended periods of 
time has been shown by Cort, Ameel and van der Woude (1954). These 
authors state that "the mechanism of germinal development in the 
germinal sacs of the strigeoids is adapted for the production of very 
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large numbers of cercariae over a long period of time. Cercariae are 
escaping in numbers from the oldest daughter sporocyst before the 
germinal masses of the mother sporocyst have completed the production 
of new daughter sporocyst embryos. " 
In heavy infections, cercariae emerge from infected snails in such 
number s that the water appears cloudy. Multiply exposed snails shed 
greater numbers of cercariae than those exposed to a single miracidium. 
One multiply exposed snail, when placed under a laboratory lamp, shed 
45 cercariae in one hour in contrast to five cercariae shed by a snail 
exposed to a single miracidium. In both cases, these snails had been 
producing cercariae for five days when these observations were made. 
Five days later (10 days after beginning to shed cercariae), these same 
snails shed 73 and 18 cercariae, respectively, under the same conditions 
as noted above. Cercariae emerge both in the dark and in the light, but 
much greater numbers are shed when the infected snails are placed 
either in direct sunlight or just beneath a lamp. Although light affects 
the numbers of cercariae that are shed, no direct phototropic response 
to light was noted in emerged, free- swimming cercariae. 
When undisturbed, cercariae hang body downward in the water with 
their furcae spread wide apart. They are evenly distributed in the 
container of water and although remaining motionless, they slowly sink 
to deeper depths. As they approach the bottom of the container, they 
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rapidly swim back to the surface and resume their suspended position. 
When disturbed, all of the cercariae swim rapidly, usually upward, but 
sometimes in other directions as well. 
Cercariae maintained in dishes of tap water and not refrigerated 
may remain alive for as long as 54 hours, but most of them die within 
12 hours. 
Description 
Cercariae (Fig. 19) of F. cratera are the usual strigeoid type 
characterized by forked tails and possessing a pharynx. Forty indi­
viduals from experimentally infected snails, fixed in hot 10 per cent 
formalin, were measured without coverslip pressure. These measure­
ments, as well as those reported by Cuckler (1941) and Chandler (1942) 
are presented in Table 2. The average size of cercariae of F. texensis, 
it will be seen, is somewhat less than that of cratera, not only with 
regard to body length and width, but also insofar as length of tail stem 
and of tail furcae. On the basis of measurements reported by West 
(1935), the cercaria of Fibricola lucida (syn. Neodiploslxm-mm lucidum) 
is much smaller than that of _F. cratera. 
The oral sucker is terminal and provided with several rows of 
spines directed posteriorly. There are no forward projecting spines on 
the oral sucker. The acetabulum is provided with several rows of spines 
Table 2. Comparative measurements of Flbrlcola cercariae. Measurements are of F. 
cratera except for those of Chandler which are F. texensls. All measurements In 
millimeters expressed as means and range In parentheses. 
Investigator Turner3- Cuckler^ (1941) Chandler0 (1942) 
Body length . 126 (. 105-. 146) . 147 (. 132-. 165) . 108 (. 098-. 110) 
Body width . 035 (. 030-, 06l) . 041 (. 036-. 052) (. 023-. 027) 
Tall stem length . 195 (. 153-. 228) . 217 (. 204-. 234) . 167 (. 158-. 176) 
Tall stem width . 042 (.034-. 047) . 035 (. 033-. 039) * (.025-. 028) 
Furcae length . 156 (. 146-. 173) . 207 (. 191-. 221) . 127 (. 118-. 132) 
Oral sucker length . 026 (. 023-. 030) . 033 (. 026-. 036) * (.020-. 025) 
Oral sucker width .025 (. 023-. 030) . 027 (. 0 26-. 029) * (. 018-. 020) 
Acetabulum length .018 (.013-. 023) . 020 (.019-. 023) * (.013^. 015) 
Acetabulum width .018 (. 013-. 023) . 020 (.019-. 023) * (.015- * ) 
Distance anterior 
end to acetabulum 
CO o
 0
 
£
 
1 095) * * (. 070-. 080) 
^Measurements of 40 specimens fixed In hot 10 per cent formalin 
^Measurements of 10 specimens, no Information as to fixative 
cNumber of specimens measured not known; specimens fixed In hot formalin 
rï'No measurements reported 
35 
placed close together, the innermost row being more prominent than 
the others. Widely separated, small spines are present on the body and 
tail surfaces, the greatest numbers occurring anteriorly. The digestive 
system stains readily with neutral red. There is a very short pre-
pharynx, followed by a muscular pharynx. The esophagus is long, 
bifurcating just in front of the acetabulum. The caeca are fairly broad, 
bend around the acetabulum, and terminate about one-half the distance 
between acetabulum and the posterior end of the body. 
Two pairs of very granular, unicellular penetration glands are 
present. The anterior pair is situated either entirely in front of and 
lateral to the acetabulum or immediately adjoining it. The posterior 
glands are more lateral to the acetabulum, their posterior borders 
usually reaching the equator of this structure. They overlap the anterior 
pair and are ventral to them. The penetration gland ducts pass anteriorly 
to the oral sucker and open to the outside through small pores lateral 
to the mouth. Granular contents of the glands are often seen in the ducts, 
especially near the oral sucker where bulbous swellingsof the ducts are 
apparent. 
The excretory system was carefully studied from living specimens. 
The positions of the flame cells and of the primary collecting tubules 
were definitely determined. It was difficult to determine the entire 
course of the secondary collecting tubules and capillaries, but their 
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approximate location is shown in Fig. 19. The thin-walled excretory 
bladder is V-shaped and comparatively small. The primary collecting 
tubules extend from the bladder to a point near the equator of the 
acetabulum where they form one or two convolutions containing ciliated 
patches. The union of the anterior and posterior portions of the second­
ary collecting tubules takes place near this ciliated region. On each 
side of the body, the anterior collecting tubules bear three pairs of 
flame cells; one pair at the posterior level of the pharynx, one pair 
approximately midway between pharynx and acetabulum, and one pair 
near the anterior border of the acetabulum. The posterior collecting 
tubules also bear three pairs of flame cells; two pairs between aceta-
bulum and posterior end of the body, and one very conspicuous pair in 
the tail stem. The flame cells formula may be designated as 2(1 + 1 + 1) 
+ (1 t 1 + (1)) = 12. 
A distinct, small mass of cells lying between the acetabulum and 
excretory bladder is considered to be the germinal mass. There are 
no caudal bodies present, but numerous nucleated cells line the lateral 
borders of the tail stem as well as the median excretory duct passing 
through this structure. Eye spots were not noted in the cercariae but 
this must have been a definite oversight since unpigmented ones were 
reported to be present in F. cratera by Cuckler (1940), in F. texensis 
by Chandler (1942), and in F. lucida by West (1935). 
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As noted by Chandler (1942), cercariae of F. cratera differ from 
those of F. texensis only in size (see Table 2) although the differences in 
size reported here are not so great as those reported by Cuckler (1941). 
In general, the average measurements of the 40 cercariae made in this 
investigation are intermediate between those given by these two investi­
gators. Cuckler (1941) states that there are only two flame cells on 
the anterior collecting tubules of the cercariae of F. cratera whereas 
Chandler (1942) illustrates three flame cells on these tubules for F. 
texensis. 
The cercariae of F. lucida described by West (1935) and those of 
Pha-ryngostomnm cordatum, a related diplostome, described by Wallace 
(1939) are similar to those of F. cratera in having four penetration glands 
located in front of the acetabulum and are similar also in the method of 
penetrating tadpoles. However, there are differences; P. cordatum has 
only four pairs of flame cells in the body, F. lucida has eight pairs. 
Penetration into Tadpole 
Cercariae of F. cratera appear to be definitely attracted to and 
quickly penetrate young tadpoles of several kinds (Hyla sp., Pseudacris 
sp., and Rana spp. ), especially Rana .pipiens. Older R. pipiens tad­
poles undergoing metamorphosis (legs present) are refractive and cannot 
be infected. 
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Ref ractivene s s of adult frogs to cercarial penetration as contrasted 
with successful penetration into the larvae (tadpoles) was reported by 
Hoffman (1955) for F. cratera cercariae and by Olivier (1940) for 
cercariae of Diplostomum micradenum. Pearson (1956) also reported 
that cercariae of Alaria arisaemoides and A. canis were not, in general, 
successful in penetrating Rana spp. but did penetrate the tadpoles. He 
suggested that mucus on the skin of the frog may be the factor preventing 
the cercariae from attaching and penetrating. 
The penetration of _F. cratera cercariae into tadpoles was observed 
many times. Individual tadpoles were placed in shallow dishes of lake 
water, numerous cercariae were added, and penetration was observed 
by means of the dissecting microscope. The cercariae swim rapidly 
towards the tadpole and many of them immediately attach and begin 
penetration although some swim away even after definite contact with 
the tadpole is made. Once the cercariae are in contact with the tadpole, 
they immediately stop their swimming movements, attach themselves 
by means of the oral sucker, and assume a position parallel with the 
tadpole. This period of inactivity lasts for only a brief interval. The 
cercariae, by a swinging motion, then move perpendicular to the body 
of the tadpole and beat their tails violently for a short time before again 
returning to a parallel position and a period of inactivity. This pattern 
of inactivity at parallel position and activity at perpendicular position is 
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repeated until penetration is eventually accomplished. There is a violent 
beating of the tails just prior to penetration and these break off and 
swim away as the body of the cer caria penetrates into the body of the 
tadpole. The time required for penetration is variable, but is usually 
accomplished in about five minutes. No edematous areas appear on the 
tadpoles following penetration by the cercariae. 
40 
ME T ACERC ARIAE 
Location in Host 
Metacercariae (diplostomula) of F. cratera occur free in the 
coelomic cavities or encysted in connective tissues, fat bodies, or 
muscles of vertebrate intermediate hosts. In nature, they occur most 
frequently as encysted diplo stomula in the muscles of adult frogs 
(Figs. 23, 24 and 25), especially Rana pipiens. The muscle most fre­
quently infected is the gastrocnemius of the hind leg. However, in very 
heavy infections, diplo stomula are present in muscles of both the upper 
and lower hind legs and in the pectoral musculature as well. Small 
frogs have been observed in which the infection was so great that, in 
addition to hundreds of individuals present in the muscles mentioned 
above, dozens were also present in the webs of the feet. 
Description 
The cysts are round or oval in shape, opaque, and easily visible to 
the naked eye. In young infections, they are located more superficially 
in the muscles (Fig. 24) but in older infections, are found deeper in 
the muscles near the bones (Fig. 25). They vary considerably in size 
but the average measurements of 10 in teased, stained muscle prepara­
tions was 0. 33 mm. in diameter. Actually, they are not cysts of 
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parasitic origin but well developed connective tissue capsules produced 
by the host. Most capsules contain a single diplo s tomulum but many may 
contain two individuals. Diplo stomula are of varying size and usually 
occur somewhat rolled or folded up within the capsules. Individuals 
dissected out of the capsules into dishes of saline are extremely active 
and are capable of extending or contracting the body tremendously. The 
size of any one larva, therefore, depends to a considerable degree upon 
the extension or contraction of the body and consequently is greatly 
variable. The average measurements of 10 individuals dissected from 
capsules in experimentally infected frogs, fixed in hot 10 per cent 
formalin and cleared in liquid phenol are presented in Table 3. Measure­
ments of metacercariae of F. cratera as determined by Cuckler (1941) 
and of F. texensis by Chandler (1942) are also given. The measurements 
obtained in this investigation are, in general, in agreement with those of 
Cuckler and indicate that metacercariae of cratera are considerably 
larger than those of texensis. 
Diplo stomula dissected from capsules are well developed, exhibiting 
all or many of the structures associated with adult individuals except 
reproductive organs. The body is leaf- shaped and a very small conical 
hindbody may or may not be present. Few structural details can be 
determined in living specimens because of the numerous concretions of 
the highly developed reserve excretory system. Cleared specimens 
Table 3. Comparative measurements of Flbrlcola metacercariae. Measurements are of F. 
cratera except for those of Chandler which are F. texensis. All measurements In 
millimeters expressed as means and range In parentheses 
Investigator Turner a Cuckler ^  (1941) Chandlerc (1942) 
Body length 
Body width 
.490 
. 276 
(. 450-. 
(. 240-, 
525) 
300) 
. 500 
. 292 
(.418-
(. 241-
-. 578) 
-. 353) 
. 305 (. 250-. 396) 
. 223 (. 170-, 265) 
Oral sucker length 
Oral sucker width 
. 048 
. 050 0
 o
 
-
J 
tt*-
1 
i 054) 
057) 
.042 
.039 
(.036-
(.033-
.. 152) 
.049) 
*d (.020-. 050) 
slightly less than length 
Acetabulum length 
Acetabulum width 
. 048 
. 051 
(.040-. 
(.047-. 
051) 
054) 
. 035 (.029-• . 042) **e * (.045-. 050) 
* (.050-. 060) 
Holdfast length 
Holdfast width 
. 063 
. 044 
(.053-. 
(.037-. 
071) 
049) 
.062 
.043 
(.042-
(.036-
.085) 
•.049) 
* (. O8O-.O9O) 
.070 ( *, ) 
Distance anterior end 
to acetabulum . 263 (. 238-, 276) * * 3/5 to 2/3 distance from 
anterior end 
Measurements of 10 specimens fixed In hot 10 per cent formalin 
k Number of specimens measured not known, fixative was hot AFA 
c Number of specimens measured not known, measurements were of living specimens except 
for body lengths and width which are from fixed, stained specimens 
^ - No measurements reported 
« Measurement of diameter 
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show all organs of attachment (oral sucker, acetabulum and holdfast) as 
well as the digestive system. The esophagus bifurcates approximately 
two-fifths of the distance from the anterior end to the acetabulum and 
the ceca extend beyond the holdfast. A mass of cells, the genital 
primordium, is clearly evident in stained preparations between the 
holdfast and excretory bladder. 
Studies of the excretory system were made from living individuals 
mounted in tap water under cover slip pressure. The reserve system 
is highly developed. It was possible to trace with surety the major 
vessels of this system and their appearance is shown in Fig. 18. 
Pearson (1956), as a possible means of establishing relationship between 
larval strigeoid trematodes, made a comparison of the reserve excre­
tory systems of a number of diplo stomula and arranged them in groups 
according to complexity of vessels. According to this scheme, JF. 
cratera falls in Pearson's Group II because there are at least two 
commissures joining the two halves of the system with each other and 
with a median longitudinal vessel, and because of a prominent posterior 
lateral branch arising immediately anterior to the posterior transverse 
commissure. Pearson (1956) placed JF. texensis in Group II, but ..judging 
from Chandler's (1942) illustration of the reserve excretory system in 
this species, it is quite evident that as illustrated it is considerably more 
complex than that indicated by Pearson in his classification. The 
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reserve system of F. cratera, however, resembles quite closely that 
of Diplostomulum gigas, as described by Hughes and Berkhout (1929), 
which was also placed in Group EC. The major vessels of the reserve 
excretory system of F. cratera were not determined by Cuckler (1941). 
The finer branches of the reserve system of F. cratera were not 
determined, but the arrangement of the calcareous granules is illustrated 
on one side of Fig. 18. These granules or concretions are very numerous 
and are located throughout the body except for a small area in the region 
of the holdfast. The concretions are enclosed in terminal vesicles of 
smaller tubules of the reserve system and are extremely variable in 
shape and size. Many of them are rectangular and elongated, measuring 
as much as 0.013 mm. in length. Others are more rounded, granular, 
and vary in size from 0. 007 to 0. 186 mm. in diameter. The primary 
excretory system is largely obscured by concretions of the reserve 
system and was not observed in living specimens. 
Development and Encapsulation 
Thus far, only fully developed, encapsulated metacercariae have 
been described. Laboratory-reared R* pipiens tadpoles, experimentally 
infected by exposure to cercariae shed from experimentally infected 
snails, were killed and examined periodically after exposure so that the 
course of development of the metacercariae could be followed. The 
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youngest metacercariae studied were four days old (Fig. 11) and were 
removed from the body cavity of the tadpole. At this age, they average 
0. 168 mm. in length, are more rounded or oval than are the cercariae, 
and the penetration glands, present in the cercariae, have disappeared. 
At seven days, the developing diplo stomula (Fig. 12) average 0.186 mm. 
in length. The holdfast, a structure not present in the cercariae, is 
developed well enough so that it is clearly visible. Some concretions 
of the reserve excretory system are already present at this age. The 
diplo stomula continue to increase in length, the holdfast increases in 
size and appears more distinct, and the number of concretions increases 
rapidly. These changes are represented by specimens nine and 15 days 
old (Figs. 13 and 14) which measured 0.273 and 0.318 mm. in length, 
respectively. No significant morphological changes occur in meta­
cercariae after 15 to 20 days of age. Some of them may grow larger but 
there are great variations in size and shape of individuals of the same 
age. Figs. 15 and 16 illustrate 23- and 48-day old metacercariae 
averaging 0. 350 and 0. 536 mm. in length, respectively. The age of the 
metacercaria in Fig. 17 is not known. It is one of a large number that 
was present in the body cavity of a young, naturally infected tadpole and 
is 0. 518 mm. long. When some of these were fed to laboratory-reared 
white mice, only one adult F. cratera was recovered from the small 
intestine of this experimental host. This is in sharp contrast with the 
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much higher number of adults usually recovered when encapsulated meta­
cercariae were fed to similar experimental hosts. 
Following metamorphosis of the tadpole, diplo stomula slowly 
migrate from the body cavity to the hind legs, where they become 
encapsulated. Numerous observations of both natural and experimental 
infections indicate that this process of migration and encapsulation is 
carried out in a slow, gradual fashion. It is definitely correlated with 
the degree of metamorphosis of the tadpole and not with the age of the 
parasite. In tadpoles showing no signs of metamorphosis, meta­
cercariae were always found actively crawling over the various internal 
organs of the body cavity; in fully developed frogs, on the contrary, they 
were always found encapsulated in the muscles. Between these two 
conditions, various gradations of migration and encapsulation were 
observed. For example, a laboratory-reared Rana pipiens tadpole 
exposed to cercariae August 14 was examined on October 20 (67 days 
later) and at this time, measured 50 mm. long (legs not extended). 
The hind legs alone were 38 mm. long but a stub of a tail, measuring 
15 mm. in length, was still present. Metamorphosis, therefore, was 
not quite fully completed. Numerous metacercariae were seen crawling 
just beneath the skin of the hind legs and when this tissue was removed, 
diplo stomula fell out into the dissecting fluid. Closer examination 
revealed that some had penetrated into the muscles of the hind legs but 
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were not as yet truly encapsulated since they too fell out into the dis­
secting fluid when the muscle fibers were teased apart. However, a 
few were deeper within the muscles of the legs and in capsules from 
which they were removed with difficulty. Moreover, some were crawling 
over the pectoral muscles and a considerable number were found in the 
stub of a tail that was still present. 
In contrast to this example, another laboratory-reared R. pipiens 
tadpole measuring 142 mm. in length was examined 105 days after 
exposure to cercariae. This tadpole had not yet reached the stage in 
metamorphosis of the individual discussed above. On opening the body 
cavity, numerous diplo stomula fell out into the dissecting fluid. The 
greatest concentration of larvae was in the tail and quite a f-ew of these 
appeared to be more or less attached to the body wall in this area and 
in the regions of attachment of body and hind legs. No diplo stomula 
were found either beneath the skin of the hind legs nor within the muscle 
fibers of these appendages. This clearly illustrates, then, that develop­
ment of diplo stomula, as well as their subsequent migration and encap­
sulation, is dependent in large measure upon the condition of the second 
intermediate host with respect to metamorphosis at the time that 
cercariae penetrate the young tadpole. 
An experiment to determine the length of time necessary for 
diplo stomula to migrate from the body cavity to the hind legs of a young 
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frog was conducted. Fifty well- developed metacercariae from an 
experimentally-infected tadpole were injected into the body cavity of a 
recently metamorphosed Rana pipiens frog. The legs of the frog had 
been carefully examined previously and found to be negative for the 
presence of encapsulated diplostomula. Examination of the frog -11 
days after injection of the larvae, showed that all but four of the meta­
cercariae had migrated from the body cavity and these four were lightly 
attached to the body wall in the region of the body and the hind legs. Of 
those that had migrated from the coelomic cavity, some were deeply 
encapsulated in the muscles of the hind legs, chiefly in the gastrocnemius, 
and lying for the most part adjacent to the tibio-fibula and tarsus. Others 
were not encapsulated but had either definitely penetrated into the muscles 
of the legs or were crawling over them. 
Chandler (1942) conducted somewhat of a similar experiment. He 
fed 35 unencapsulated diplostomula of F. texensis to an adult Rana 
sphenocephala and injected 20 into the body cavity of a second individual. 
Both frogs were autopsied two months later. The majority of the larvae 
were found in the body cavities of the frogs and none were found in the 
muscles of the hind legs. 
Throughout these investigations, 16 experimentally-infected tadpoles, 
including the two discussed above, lived long enough to undergo meta­
morphosis, some completing the process, others dying before it was 
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completed. Seventeen naturally infected tadpoles in various stages of 
metamorphosis were also observed. In all of these, the amount of 
migration and degree of encapsulation of metacercariae -were directly 
proportional to the degree of metamorphosis that had occurred. Complete 
encapsulation occurs only after metamorphosis has been completed. One 
cannot say, therefore, that migration and encapsulation of JT. cratera 
diplo stomula are completed within a specified period of time. It is 
apparent, however, that it occurs sometime after metamorphosis has 
been completed. Cuckler (1940) reported that diplo stomula of this 
species migrate during metamorphosis of tadpoles from the body cavity 
to the muscles of the hind legs where encapsulation occurs. Chandler 
(1942), as reported above, stated that metacercariae of F. texensis are 
never found encapsulated in the muscles of frogs. This is one of the 
criteria he employed in differentiating his species (texensis) from other 
members of the genus. Leigh (1954), however, reported a species 
closely resembling F. texensis as encapsulated in the pelvic musculature 
of frogs from Florida and suggested that encapsulation may require more 
than the two months involved in Chandler's investigations. 
Feeding Experiments 
Experiments were conducted to determine the age at which meta­
cercariae are infective, and the results are presented in Table 4. These 
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Table 4. Summary of feeding experiments to secure adult Fibricola 
cratera in white mice by feeding diplo stomula of known age 
Number Number 
Age of adult of 
diplo stomula Encapsulated or Number worms gravid 
in days non-encapsulated _ fed recovered adults 
4 Non- encap sulated 50 0 
12 Non- encap sulated 50 0 
15 Non- encap sulated 50 1 1 
36 
a 
Encap sulated 50 46 41 
38 Encap sulated3. 50 53b 46 
42 Encap sulated 50 42 31 
58 Encap sulated 50 44 29 
aSome specimens not truly encapsulated but were within the 
muscles of the hind legs of the frogs 
^Evidently some capsules contained more than a single diplo-
stomulum 
results indicate that four- and 12-day old unencap sulate d diplo stomula 
from the body cavities of experimentally-infected R. pipiens tadpoles 
do not develop to maturity in laboratory-reared white mice. Fifteen-
day old unencapsulated individuals may be infective but this evidently 
is approaching the very youngest age at which some of them may develop 
to adult worms in white mice. Encapsulated diplo stomula 36, 38, 42, 
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a ri H 58 days old from the muscles of experimentally- infected R. pipiens 
frogs are infective in white mice as are individuals older than 58 days. 
A higher percentage of adults are recovered when encysted metacercariae 
are employed in feeding experiments. 
Only one adult worm, containing three uterine eggs, was recovered 
17 days post-feeding when 50 unencap sulated 15-day old diplo stomula 
were fed to a white mouse. This was the only feeding experiment in 
which an adult worm was recovered when unencap sulated diplo stomula of 
a known age from experimentally-infected tadpoles were employed in the 
feeding experiments. In a similar feeding experiment (reported in 
above section under development), only one adult worm was recovered 
when numerous unencapsulated diplo stomula (age not known) from a 
naturally-infected tadpole were fed to a white mouse. In other feeding 
experiments (not presented in Table 4), unencap sulated diplo stomula 
from naturally-infected tadpoles in which the ages of the larvae were 
not known, were often used. Ia all of these experiments, no adult 
worms were recovered although diplo s tomula from tadpoles in varying 
stages of metamorphosis were used. On the contrary, when encapsu­
lated diplo stomula of unknown age from naturally-infected frogs were 
used, adult worms were recovered from the experimental hosts (white 
mice) in every instance. There is, then, the possibility that encapsu­
lation, as well as age, may be a factor in the infactivity of 
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metacercariae of F. cratera. More detailed experiments involving 
metacercariae of ages intermediate between those reported above 
would be helpful in determining more specifically the age at which 
metacercariae are infective. This was not done in this investigation. 
According to Hoffman (1955), it was possible to infect laboratory 
rats with 35-day old metacercariae of F. cratera but not with those 
15, 18, or 22 days old. He further states (personal communication) 
that the 15, 18, and 22-day old diplo stomula were unencysted individuals 
from body cavities of tadpoles and that the majority of the 35-day old 
individuals were also unencysted. Experiments to determine if diplo-
stomula between the ages of 22 and 35 days were infective were not 
made by Hoffman. Cuckler (1940) reported that F. cratera diplo stomula 
are infective in 30 days. Metacercariae of F. texensis are infective at 
15 days of age according to Chandler (1942). 
Unencap sulated metacercariae from the body cavities of tadpoles 
may be kept alive for as long as two weeks if placed in saline and 
stored in the refrigerator. Encapsulated metacercariae in frog muscles 
may be kept alive for as long as a month under the same conditions, and, 
in addition, remain infective. 
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Natural Infections 
Collections of frogs and tadpoles during the summers of 1955 and 
1956 from the Lake Okoboji area near Milford, Iowa were examined for 
diplo stomula of F. cratera. In 1955, examinations were made of 21 
Rana pipiens frogs and 17 tadpoles or a total of 38 specimens. Of 
these, 32 or 85 per cent were infected. In 1956, because of extremely 
dry conditions, only four frogs were collected; all of which, upon 
examination, were found to be infected. 
There is a distinct difference in degree of infection between large 
and small frogs. Large healthy frogs were infected to a light degree 
compared with small frogs. It may well be that many of the frogs 
succumb to very heavy infections and only those not heavily infected 
live to become adults. All the small frogs examined were infected 
and extremely heavy infections were generally noted. Over 4, 000 
diplo stomula were found encapsulated in the pelvic and pectoral muscula­
ture, as well as the webs of the feet, of one small frog. 
As previously mentioned, in all natural infections observed, 
diplo stomula were always found in the body cavities of young tadpoles 
and encapsulated in the musculature of adult frogs. Diplo stomula were 
found in both the body cavities and the musculature of tadpoles that 
were approaching completion of metamorphosis. This is in agreement 
with experiments involving laboratory reared tadpoles and frogs. 
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Metacercariae encap sulated in the muscles of frogs are able to live 
through the winters in this condition. Infected frogs were collected in 
late March and early April. These, of course, were frogs of the past 
season as new generations could not have reached adulthood this early 
in the year. 
Paratenic Hosts 
In August, 1955, a garter snake, Thamnophis ordinatus parietalis, 
was examined and encap sulated diplo stomula were found in the fat bodies 
of this host that could not be morphologically distinguished from those of 
F. cratera normally found in frogs. When some of these were fed to a 
laboratory reared white mouse, adult F. cratera were recovered from 
the small intestine of this experimental host. It thus appears that the 
garter snake may serve as a paratenic host in the life cycle of F. 
cratera. 
An optional intermediate host, or paratenic host, as defined by 
Baer (1951), is one which usually ingests larvae along with food. The 
larvae remain at the same stage of development as when first ingested 
by this host and may subsequently be transferred to the definitive host. 
For this reason, such hosts are also often referred to as transport 
hosts. Such transport or paratenic hosts may or may not be necessary 
for the successful completion of the life cycle. 
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Cuckler (1941) found encapsulated diplo stomula o£ F. cratera in 
both garter and water snakes and was able to experimentally infect 
laboratory-reared water snakes. Chandler (1942) was able to transfer 
diplo stomula of F. texensis from tadpoles to a chameleon, Anolis 
carolinensis. Leigh (1954) recovered diplo stomula, apparently 
identical to those of F. texensis, from snakes of the genus Natrix. No 
experiments involving the transfer of diplo stomula of F. cratera to 
transport hosts were conducted during the course of this investigation. 
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ADULTS 
Development in Experimental Hosts 
When encysted metacercariae of Fibricola cratera from laboratory 
infected frogs are fed to white mice, they rapidly excyst and can be 
found firmly attached to the villi of the duodenum of this experimental 
host within three hours post-feeding. Twenty-four hours after feeding, 
there is definite evidence of an increase in size of the worm, and the 
hind-body, not readily apparent in most metacercariae, is developing. 
The growth of the hind-body and the development of the reproductive 
organs occur rapidly, since individuals containing uterine eggs were 
obtained from white mice six and one-half days post-feeding. 
The attachment of adult worms to the villi of the duodenum of 
white mice is very tenacious. As reported by Ulmer (1955), the fore-
body and holdfast as well as the oral sucker and acetabulum are involved 
in the attachment. The adults may be found attached to any portion of 
the small intestine; the greatest concentration always occurs in the 
portion of the duodenum adjoining the stomach. 
Individuals dissected from the intestines of white mice and placed 
in dishes of saline are extremely active. In most instances, there is 
constant extension and contraction of the fore-body with little or no 
movement of the hind-body, but this structure may be extended to great 
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lengths at times. During these movements, there is a very distinct 
demarcation of fore-body and hind-body. This is in contrast to fixed 
specimens, flattened or nnflattened, which are more or less oval, with 
boundary of fore-body and hind-body not \so well separated. Some of 
the variations in form of living, motile adults as contrasted with fixed 
specimens are represented in Fig. 27. 
Measurements 
Measurements of formalin-fixed, unflattened adult worms vary 
greatly, depending upon the degree of contraction of the specimens at 
the time of fixation. The size of the worms in any one host is also 
influenced by the number present. In heavily parasitized experimental 
hosts (white mice), the worms are smaller than those recovered from 
lightly infected ones. The appearance of the hind-body, a structure 
which develops primarily in the definitive host, illustrates clearly 
too, that the number of worms present in a host may influence the degree 
of development of this structure. In worms recovered from heavily 
parasitized hosts, the hind-bodies are frequently very small and 
undeveloped in contrast to those from hosts only lightly infected. These 
variations in size are apparent in both experimental and natural 
infections. In Table 5, the average measurements of 25 gravid adult 
worms recovered from experimental white mice, fixed in hot 10 per 
Table 5. Comparative measurements of Flbrlcola adults. All measurements are of Flbrlcola 
cratera specimens except for those of Chandler which are F. texensis. Measurements 
In millimeters expressed as means and range In parentheses. 
Investigator Turnera Cuckler*3 (1941) 
Read c (1948) Ulmer
d Chandler e (1942) 
Total length . 729 (. 645-. 840) (. 620-1. 280) (.470-1. 500) . 669(. 532-. 851) (. 530-1. 150) 
Forebody length 
Forebody width 
.454 
. 331 
(. 390-
(. 270-
. 540) 
.420) 
(.450-. 850) 
(. 270-. 640) 
(. 270-. 
(. 244-. 
950) 
640) 
. 456 
.440 
(. 334-
(. 365-
. 547) 
. 532) 
(. 312-. 670) 
(. 268-. 518) 
Hlndbody length 
Hlndbody width 
. 274 
. 288 
(. 225-
(. 240-
. 330) 
. 330) 
(. 170-. 480) 
(. 160-. 400) 
(. 145-.' 
(. 200-. 
550) 
481) 
. 213 
.228 
(. 152-
(. 167-
. 304) 
. 274) 
(. 216-.456) 
(. 168-. 375) 
Oral sucker length 
Oral sucker width 
.067 
.060 
(.058-
(.054-
.078) 
.068) 
(.046-. 089) 
(.039-. 082) 
(.042—. 
(. 042-. 
089) 
065) 
.049 
. 058 
(.035-
(.042-
.059) 
. 070) 
(. 055-. 085) 
(.050-. 077) 
Pharynx length 
Pharynx width 
.053 
.041 
(.047-
(. 037-
.057) 
.044) 
(.046-. 069) 
(.035-. 069) 
(.038-. 
(. 036-. 
075) 
058) 
(. 044-. 068) 
(. O44-.O64) 
Acetabulum length 
Acetabulum width 
. 058 
.067 
(.051-
(.057-
.071) 
.074) 
(.042-. 068) 
(.046-. 076) 
(.042-. 
(.055-. 
068) 
075) 
. 049 
.059 
(. 038-
(. 049-
.056) 
. 070) 
(. 045-. 068) 
(. 045-. 077) 
Holdfast length 
Holdfast width 
. 178 
. 186 
(. 105-
(. 109-
1215) 
. 204) 
(.099-. 200) 
(. 099-. 224) 
(. 100-. 
(. 080-, 
280) 
200) 
(. 150-. 214) 
(. 145-. 198) 
Measurements of 25 gravid specimens laboratory reared, 14 days post-feeding, fixed in hot 
10 per cent formalin. 
^Measurements of numerous specimens from natural and experimental Infections, no Infor­
mation concerning fixation. 
^Measurements of about 30 worms from naturally Infected mink, no Information concerning 
fixation. 
^Unpublished data. Measurements of 14 specimens 71 days old, latoratory reared In white rats, 
non-gravid but with well-developed hlndbodles. 
eNo Information concerning number of specimens measured or method of fixation. 
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cent formalin and cleared in phenol are given. Measurements of F. 
cratera made by other investigators and of F. texensis made by Chandler 
(1942) are also given for comparison. It will be noted that considerable 
variability exists in the size of adult F. cratera. It will also be noted 
that no clear distinction between adults of cratera and texensis can be 
made on the basis of size of adult worms alone. 
Morphology 
Detailed descriptions of the morphology of adult F. cratera have 
been reported by Read (1948) and Ulmer (1955). Except for very small 
differences in the extent of distribution of the vitellaria (see below), 
no variations in the descriptions given by these investigators were found 
during the course of this research and adult worms conform, in general, 
to the description reported by Read (1948). 
These worms are typical strigeoid trematodes in that the body is 
definitely divided into a fore-body and hind-body and a holdfast organ is 
present. The sides of the fore-body of an adult (Fig. 29) are heavily 
rolled ventrally, giving it a spoon-shaped appearance. The hind-body, 
which houses the reproductive organs, is cylindrical and tapers to a 
rounded end. 
In general, the oral sucker is usually slightly longer than wide, as 
is also the pharynx. The prepharynx is very short and not always 
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distinguishable. The size of the holdfast varies but is usually oval and 
slightly longer than wide. The ceca extend almost to the posterior end 
of the body. 
The testes are unequal in size and shape, the anterior one smaller 
and somewhat triangular; the posterior one much larger, extending 
transversely across the body and constricted medially. The ovary is 
situated laterally (usually on the left), slightly anterior and dorsal to 
the anterior testis. The vitelline reservoir is situated between the 
testes. The seminal vesicle, for the most part, lies behind the posterior 
testis. The subterminal genital atrium opens to the outside on the dorsal 
surface. 
The distribution of the vitellaria varies in individuals from both 
experimental and natural infections. In the majority of individuals, the 
vitellaria are composed of numerous, densely packed follicles in the 
fore-body, but with one or two thin strands of scattered follicles 
extending into the hind-body of some. Inmost specimens, these strands 
of scattered follicles extend only to the level of the anterior testis or to 
the vitelline reservoir. In a few, however, they extend to or just below 
the posterior border of the posterior testis. Anteriorly, the vitellaria 
extend to the bifurcation of the intestine. 
The variation in the extension of the vitellaria into the hind-body in 
members of the genus Fibricola has been a matter of much interest to 
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a number of investigators. According to a taxonomic key to members 
of the genus presented by Dubois (1953) and based in part on life cycle 
studies by Cuckler (1940) and Chandler (1942), one of the major differ­
ences between adults of _F. cratera and F. texensis lies in the distri­
bution of the vitellaria. In texensis, they extend from the pharynx to 
the level of the posterior testis and have a tendency to form two lateral 
bands in the hind-body. In cratera, the vitellaria extend from the 
bifurcation of the intestine to the level of the anterior testis or vitelline 
reservoir. Read (1948), however, found vitellaria extending into the 
hind-body as far as the middle of the posterior testis in a. few individuals 
of cratera but, in the same paper, stated that the only difference in 
adult specimens of cratera and texensis was in the distribution of these 
structures. Ulmer (1955) also found some adult cratera in which the 
vitellaria on one side of the body extended to the posterior end of 
the posterior testis. Leigh (1954) reported considerable variation in 
the distribution of vitellaria in texensis. 
Chandler (1942) observed vitellaria of texensis to be composed of 
very numerous follicles, densely packed in the posterior half of the 
fore-body, and fairly dense forward to the level of the pharynx. A 
few scattered follicles extend into the hind-body on the ventral side, 
in many specimens to the level of the posterior testis or even beyond. 
Dr. Chandler kindly sent me some stained whole mounts of adult 
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texensis, from which the description of the distribution of the vitellaria 
reported above was made. A careful study of these indicates that 
scattered follicles do extend into the hind-body but there are definite 
variations in the level of extension. In many specimens, the vitellaria 
extend into the hind-body to or beyond the level of the posterior testis, 
but in most, they extend only to the level of the vitelline reservoir. It 
would, consequently, be very difficult to distinguish, them from speci­
mens of cratera using this criterion alone. As noted above, some 
adult specimens of cratera studied in this research possessed vitel­
laria extending to or below the posterior testis and on the basis of 
distribution of vitellaria alone, could not be distinguished from texensis. 
It therefore appears that the degree of extension of the vitellaria into 
the hind-body should not be used as the sole character for separation 
of cratera and texensis. 
A comparison of camera lucida drawings of Fibricola cratera 
(Fig. 29), F. texensis (Fig. 30) and JT. lucida (Fig. 28) as shown in 
Plate V indicates several apparent differences between lucida and the 
two other species. F. lucida is considerably larger, the vitelline 
follicles are more numerous and are arranged in lateral belts parallel 
with the ceca. Adults of cratera and texensis show less apparent 
differences. Distribution of vitellaria in the hind-body is more limited 
in the case of cratera. In the fore-body, vitellaria extend to the level 
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of the pharynx in texensis, and to the level of the bifurcation of the gut 
in the case of cratera. Such minor differences between cratera and 
texensis suggested to Dubois and Rausch (1950) that the two might 
represent only physiological species when compared on the basis of 
adult morphology alone. 
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. 
DISCUSSION ' • • 
Of "the three described American species belonging to the genus 
Fibricola (F. lucida, F. cratera and F. texensis), the problem as to 
the validity of the latter two as distinct species has been noted by 
several investigators. Careful comparative studies of adults of the 
three species indicate that lucida differs from the others by virtue of 
its larger size, the greater degree of development of its vitelline 
follicles, as well as in the distribution of the latter. In its cercarial 
stage, too, it differs from cratera and texensis in the possession of 
at least eight pairs rather than of six pairs of flame cells. 
Differences between cratera and texensis on the basis of adult 
morphology are shown primarily in the distribution of vitellaria. Inter 
specific variation is such, however, that this criterion alone may not 
always be significant. In general, adults of texensis are smaller than 
those of cratera, but some specimens of the former fall within the size 
range indicated for cratera. Vitelline follicles of texensis penetrate 
into the hind-body to a lower level than in cratera although here, too, 
the examination of laboratory-reared adults of cratera indicates that 
it is sometimes exceedingly difficult to separate the two species using 
solely this characteristic. 
A comparison of other life cycle stages of cratera as shown in this 
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study, however, shows that additional differences exist which warrant 
the separation of the two species. Morphologically, the cercariae of 
both differ in their size relationships, those of texensis being some­
what smaller. Measurements of the metacercariae (diplostomula) 
too, indicate that in cratera the body is larger than in texensis, despite 
the variability of size at this stage of development. Differences based 
merely on size are admittedly of questionable value when dealing with 
diplo stomula, but significant differences do exist with regard to their 
location and state of development in the second intermediate host. 
Chandler's experimental studies published in 1942 concerning the life 
cycle of F. texensis indicate that the metacercariae of that species 
remain unencap sulated in the coelomic cavity and do not migrate to the 
pelvic musculature, even months after metamorphosis of the tadpole 
has been completed. Moreover, such unencap sulated diplo stomula are 
infective to a raccoon. My studies dealing with cratera, on the contrary, 
indicate that encapsulation of the metacercariae in the musculature of 
the second intermediate host appears to be an essential condition for 
the further development of the parasite. For these reasons, therefore, 
it would seem desirable to retain the two as distinct species. 
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SUMMARY AND CONCLUSIONS 
1. All stages in the life history of Fibricola cratera (Barker and Noll, 
1915) Dubois 1932, a diplostomatid fluke parasitizing the small 
intestine of the raccoon and other mammals, have been experi­
mentally demonstrated in the laboratory. 
2. The large, dark amber, operculate eggs are voided with the feces 
from experimentally-infected white mice and raccoons within six 
to eight days after infection. 
3. Considerable variation exists as to length of time involved before 
miracidia emerge from the eggs. Under laboratory conditions 
during summer months, miracidia emerge in as little as nine 
days or as long as 33 days following the appearance of eggs in the 
feces. 
4. Miracidia are similar to those of other species of Fibricola and to 
those of Alaria arisaemoides. The epidermal plate formula is 
6:9:4:3. Two pairs of flame cells occur. 
5. Development of sporocyst generations occurs following the pene­
tration of miracidia into the snail, Fhysa gyrina Say. 
6. Two generations of sporocysts are produced within the snail host. 
Mother sporocysts develop in the mantle and give rise to numerous 
daughter sporocyst generations. The latter migrate to and become 
embedded in the digestive gland. 
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7. Mother sporocysts are long, sac-like structures possessing an 
aspinose cuticle and an anterior, subterminal birth pore. Daughter 
sporocysts resemble mother sporocysts in general appearance, but 
differ in that they are more threadlike, exhibit greater motility, and 
show less opacity. Daughter sporocysts are similar to those 
described for F. texensis. 
8. Furcocercous cercariae emerge in 24 to 31 days from infected 
molluscan hosts maintained in the laboratory during the summer 
months. They possess two pairs of penetration glands anterior to 
the acetabulum. Their flame cell formula is 2 (1 + 1 + 1) + (1 + 1 4 
(1))= 12. Ciliated patches are present in the primary collecting 
tubules. 
9. When undisturbed, cercariae hang body downward in the water with 
tail furcae spread widely apart. 
10. Cercariae appear to be definitely attracted to and quickly penetrate 
into tadpoles of several kinds, especially Rana pipiens. 
11. Metacercariae (diplostomula) develop in the peritoneal coelom of 
tadpoles and acquire in a relatively short time all structures asso­
ciated with the adult worms except for the reproductive system. In 
tadpoles undergoing late stages of metamorphosis, metacercariae 
may occur either in the body cavity, in the tail stem, or in the 
developing hind legs. In adult frogs, diplo stomula are limited to 
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the muscles of the hind legs within tissue capsules produced by the 
host. 
12. Rate of development of diplo stomula is closely related to the stage 
of metamorphosis of the second intermediate host at the time of 
cercariai penetration. 
13. The time required for metacercariae to become infective for the 
final or definitive host varies. Unencap sulated 15-day metacercariae 
may occasionally be infective, but experimental evidence indicates 
that most of them require 30 to 35 days at which time they are 
usually encapsulated. 
14. Garter snakes of the genus Thamnophis may serve as transfer or 
paratenic hosts in the life cycle, but ajre not necessary for its 
completion. Within the snake, metacercariae migrate from the 
intestine, lodge primarily in the fat bodies, and encapsulate. 
15. infective encapsulated metacercariae when fed to white mice become 
attached to the villi of the duodenum within 3 hours post-feeding. 
Hind-body and reproductive elements develop rapidly and individuals 
containing intra-uterine eggs may be recovered from the host's 
intestine six and one-half days post-feeding. 
16. Despite numerous similarities between the adults of F. cratera and 
JT. texensis, significant differences in their cercarial and meta-
cercarial stages warrant their retention as separate and distinct 
species. 
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PLATES 
Plate I 
(All drawings made with the aid of the camera lucida) 
Figs. 1 through 4. Eggs of JT. cratera incubated at 28-30°C., 
All drawn to scale shown in Fig. 1. 
Fig. 1. Egg after one day of incubation. 
Fig. 2. Egg after two days of incubation. 
Fig. 3. Egg after four days of incubation. 
Fig. 4. Egg after five days of incubation containing well- developed 
miracidium. 
Fig. 5. Emerged miracidium of F. cratera_from experimentally-
infected snail, drawn from observations of living specimens. 
Fig. 6. Miracidium showing arrangement of epidermal plates. 
Figs. 7 through 9. Mother sporocysts of F. cratera from experi­
mentally infected snails. All drawn to scale shown in 
Fig. 7. 
Fig. 7. Mother sporocyst, 9 days old. 
Fig. 8. Mother sporocyst, 14 days old. 
Fig. 9- Mother sporocyst, 18 days old. 
Abbreviations Used 
DS - Daughter sporocyst 
EP - Excretory pore 
P - Pore between epidermal plates 
WtMSOO 
ww sot) CO 
a « 
^ . » 
. Plate n 
.
v 
• (All drawings made with the aid of the camera lucida) 
* » ' 
• *:Eigv;10: - .Daughter sporocysts, 18 days old, from experimentally 
/>'•. • •* infected snails all drawn to same scale. 
.. . • FigS'."vl.l:.through 17. Metacercariae of JT. cratera in various stages 
•• o;'* °... i ofj'development. All except Fig. 17 from experimentally 
' o ° »•>- •' : '^"infected tadpoles. All drawn to same scale as shown in 
• Fïgv 11; - Four--day metacercaria. 
. ° '""FigV .. 12. . .Sev.e'n.4day metacercaria. 
• Fig. 13." ; Ninér'day metacercaria. 
: - Fig. "14. Fifteen-day metacercaria. 
: Fig. 15. Tw;enty-three day metacercaria. 
« ':Figv :l6. ; For1^~eight day metacercaria. 
. Fig. 17-. : Meti,;cercaria , of unknown age from naturally-infected 
.* •;% ';' R;.Lpip.iens tadpole. 
. 'Fig. i_18v. FuLLy .developed metacercaria showing the reserve excretory 
' * system. Concretions shown on one side only. 
Abbreviations Used 
G:e - Cercariae 
\*'HF - Holdfast 
78 
PLATE II 
Plate m 
(Both drawings made with the aid of the camera lucida) 
Fig. 19- Mature emerged cercaria of F. cratera., ventral view. 
Camera lucida outline of formalin-fixed specimen from 
experimentally-infected snail, with details added from 
living specimen. 
Fig. 20. Cercaria showing size relationships of body, tail stem, 
and tail furcae. 
Abbreviations Used 
CP - Ciliated patch 
GM- Germinal mass 
PG - Penetration gland 
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PLATE III 
Plate IV 
(All figures are photomicrographs) 
Fig. 21. Eggs of F. cratera three days post-recovery from feces 
of experimentally-infected raccoon. Eggs kept at 
laboratory temperatures. 
Fig. 22. Eggs nine days post-recovery from feces of experimentally-
infected raccoon. Eggs kept at laboratory temperatures. 
Scale same as that shown in Fig. 21. 
Fig. 23. Encapsulated metacercariae of F. cratera in teased muscles 
of naturally-infected frog. Mayer's HC1 carmine. 
Fig. 24. Encapsulated metacercariae in superficial leg muscles of 
naturally-infected frog. Tissue sectioned at 10 microns 
and stained with Azan triple stain. 
Fig. 25. Encapsulated metacercariae in muscles of naturally-
infected frog near tibio-f ibula. Sectioned at 10 microns 
and stained with Mallory's triple stain. Same scale as 
that shown in Fig. 23. 
Fig. 26. Adult in situ in mouse intestine. Sectioned at 10 microns 
and stained with Harris's haematoxylin with eosin as 
counter stain. Same scale as that shown in Fig. 23. 
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PLATE IV 
Plate V 
(All drawings except those in Fig. 27 made with the aid 
of the camera lucida) 
Fig. 27. Adults of_F. cratera. Free-hand sketches of living and 
fixed specimens showing various degrees of contraction 
of fore-body and hind-body. 
Fig. 28. Adult Fibricola lucida. Drawing made from B. A. I. type 
specimen. 
Fig. 29. Adult Fibricola cratera from experimentally-infected 
mouse. Schneider's aceto-carmine stain. 
Fig. 30. Adult Fibricola texensis (from collection of A. G. Chandler). 
Abbreviations Used 
A - Acetabulum 
HF - Holdfast 
O - Ovary 
SV - Seminal vesicle 
Tj - Anterior testis 
- Posterior testis 
VF - Vitelline follicles 
VR - Vitelline reservoir 
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PLATE V 
